ABSTRACT
INTRODUCTION
The temporomandibular joint (TMJ) is a synovial joint formed by the mandibular condyle, glenoid fossa and the articular eminence of the temporal bone. It is considered one of the more complex structures of the human body and supports chewing and speaking functions (Gedrange et al. 2012) . The changes that occur in the auxiliary and muscle structures of this joint affect 33% of the population (Palconet et al. 2012) Traditionally, there are several imaging methods that are used to assess the changes in bone components of the joint, such as panoramic radiography, conventional radiography and computed tomography, while magnetic resonance imaging (MRI) is useful in the evaluation of soft tissue (Barghan et al. 2012) . For the detection of bone changes, panoramic radiography, for example, is unreliable, unlike cone beam computed tomography (CBCT), which offers great advantages for viewing osseous components in the three planes of space, presents excellent visualization of bone changes and is a useful method in evaluating craniofacial structures, including the temporomandibular joint (TMJ) ( Librizzi et al. 2011) The radiological protection guide for CBCT developed by the Safety and Efficacy of a New Emerging Dental X-Ray project (Sedentexct 2011) aims to establish care that justifies the rational use of dental and maxillofacial radiology, and presents criteria for possible diagnoses and imaging methods available. Thus, knowing the radiation dose values that patients who undergo CBCT scans are being subjected to is crucial, especially because of the lack of uniformity in the configuration of CBCT equipment with different voltages, variable fields of view (FOV) and devices that provide 180, 210 and 360° rotations (Batista et al. 2013 ). The European Guidelines on Radiation Protection in Dental Radiology (European Commission, 2014) recommends the quality of the image and the reference doses in dental radiology, but this guide does not mention the CBCT. Some studies have shown ways to reduce the radiation dose in CBCT, such as reducing the size of the FOV or using lower kV and mAs (Ludlow et al. 2006; Palomo et al. 2008; Qu et al. 2010) . Currently, the international committee has revised the radiation dose limits for certain radiationsensitive organs, such as the lens. The limit for the lens was 150 mSv dose equivalent per year and it was reviewed by ICRP in 2011. The new value of 20 mSv was established as an average over five years, indicating that this structure is more delicate than previously thought. There has been a noted increase in performing this type of examination without an established diagnostic reference level (DRL). Thus, the purpose of this study was to evaluate the kerma on the lens in examining the TMJ in CBCT and to derive the equivalent dose.
MATERIAL AND METHODS
This study was conducted by acquiring TMJ images from an anthropomorphic phantom of the head and neck (Radiation Support Devices, model RS-230), with the same density and atomic number of bone and soft tissue of an average adult male patient that reproduced the same density of an average sized patient. The images were obtained in three types of CBCT equipment: CS 9000 (Carestream Health, New York, New York); Gendex GXCB 500 (Gendex Dental Systems, Pennsylvania, USA) and i-CAT classic (Imaging International Sciences, Hatfield, Pennsylvania, USA), (Fig. 1 ). The images were obtained with the TMJ standard protocols defined by the manufacturer. For the CS 9000, as it was a device with small limited FOV (50 mm x 37 mm), only one TMJ was obtained by exposure. The joint was centralized through the position of the laser light projected on the TMJ studied. The leadmarks was placed horizontally at 3.5 cm above the external acoustic meatus and vertically at 1.0 cm ahead of the same structure. Table 1 presents the protocols performed in the three types of equipment. For the Gendex GXCB 500 and i-CAT, two joints were included in one exposure. A routine TMJ evaluation was done by the exposure with an open mouth and closed mouth. Therefore, two exhibitions exposures were made in i-CAT and Gendex GXCB 500 and four for CS 9000. The joint was centralized with the support of a positioning laser point. The anthropomorphic phantom was centered with the mid-sagittal plan over the isocenter of the CT scanner. Seven pairs of thermoluminescent dosimeters (TLD) (LiF: Mg, Ti) positioned on the surface of the lens and divided into two pairs (one for each eye) per scanner were used. One pair of dosimeters was used to evaluate the background radiation and was, therefore, not exposed to the xray beam from the CBCT scanner, and was sent to the reader with other exposed dosimeters. The absorbed dose determined for each TLD was the result of the dose response curve, obtained by considering the correction factor related to the calibration and reference light at the time of reading. The coefficient of variation of TLD was 8% and maximum uncertainty was estimated in 10%. The dosimeters were calibrated according to the photons energy levels emitted by the CBCT scanner. After the exposure, the TLDs were sent to the reader Victoreen 2800. The TLD's were exposed twice assuring greater reliability of dose readings in the protocols used and consequently divided by two. With this data, the equivalent dose was estimated using the following equation:
where H T was the equivalent dose (mSv), D abs was the absorbed dose and W R was a factor of weighting of radiation, once it was related to xrays it was equal 1.
RESULTS AND DISCUSSION
From the three types of equipment, the CS 9000 stood out because it used exposure protocols with lower voltages (70 kV) and high current time product (~108 mAs), while the Gendex GXCB 500 and i-CAT operate only with 120 kV with 30 mAs and 36 mAs, respectively. The kerma on the surface of the eye for the right and left side is shown in Table 2 . The i-CAT presented higher doses (approximately 30%) compared to the other two equipment types. Oliveira et al. 2014 , showed these results previously. Even the CS 9000, which worked with lower voltages (70 kV), had the same dose as the Gendex GXCB 500 using 120 kV. Radiation doses on the lenses and its evaluation are essential. Recently, the International Commission on Radiological Protection (ICRP) reviewed the epidemiological evidence suggesting that the dose value for cataracts should be below 0.5 Gy, instead of 2.0 Gy and the occupational exposure limit changed to 20 mSv per year (ICRP 2011) , suggesting that the lens of the eye could be more radiosensitive than previously considered. This demonstrated the need to improve the protocols that aimed to reduce the risks for this organ and improved the care that must be taken with exposure repetition on the same patient, mainly due to poor positioning of the patient. Another relevant point was to evaluate the absolute necessity in performing a cone beam computed tomography exam by considering other diagnosis options. CT and MRI have often been used when studying TMJ, the latter allowing for the evaluation of bone components and soft tissue without exposure to ionizing radiation. There are, however, setbacks such as long scanning times and the restricted use due to its high cost (Tsiklakis et al. 2004) . Despite the CBCT having lower radiation doses, it is imperative to know the dose levels in different equipment and operating modes, and to implement strategies to reduce doses due to the risks that arise from cumulative x-ray use (Ludlow and Ivanovic 2008) . A discrepancy in the skin doses for the scanners eva1uated were noted. This was also noticeable in the work of Ludlow and Ivanovic (2008) . The i-CAT classic presented higher doses for the lens compared to the other two scanners. Even using high voltage and FOV, the Gendex GXCB 500 presented similar doses to the CS9000. Thus, despite the CS 9000 having limited FOV, it did not result in reduced doses. In this case, other factors were associated with increased doses, such as the use of a low voltage and short focus-detector distance, due the low-energy photons to be easily attenuated on the surface of the organ. Also, the increase in the number of repetitions by positioning error became more evident due to the fact that the CS 9000 had smaller and limited FOV, making the correct positioning of the centralized structure with the isocenter more difficult. It would be worth to mention the need to constantly train professionals who perform the procedures so that repetitions of examinations caused by positioning error could be avoided. The CT scanners Gendex and i-CAT have similar characteristics in terms of the voltage, tubedetector distance and filter used; however, when examining the results obtained, the influence of the current time product on the dose for the lens could be seen, which in the i-CAT was 20% higher. However, the difference in equivalent dose values between the two devices was 48%. Another factor related to the lower doses obtained in the Gendex was the use of an asymmetrical beam, as described by Scarfe and Farman (2008) and Batista et al. (2015) . This asymmetric beam was obtained by decentralizing the isocenter of the beam so that the central beam focused on the object's margin, focusing on one side more than the other. With this geometric maneuver, it was possible to increase the diameter of the image without changing the aperture of the collimator reducing dose levels in the lens region. This, together with the mAs, explained the resulting difference between the two devices. Schulze et al. (2004) using CBCT equipment NewTom 9000, acquired images from an anthropomorphic phantom head and neck (similar to this study), in which TLDs were inserted to evaluate the dosimetric measurements, with a lens dose of 4.6 mGy. This result was very close to the present result. However, it was only one exposure of the maxilla and mandible. Palomo et al. (2008) evaluated the influence of exposure conditions on radiation doses on a MercuRay CBCT scanner and found out that using the protocol for 15 mAs, 120 kVp and FOV of 12 inches (~30.48 cm), the dose for the lens was 11.3 mGy. In another study using the same equipment, 16.5 mGy for the lens was obtained (Ludlow et al. 2006 ). This was because MercuRay used FOV's that were considered large, while in the present study, the maximum FOV was 140 mm x 85 mm. Two previous studies showed the use of lead glasses as a way of significantly reducing the doses in the lenses, reducing the risk of cataracts. The lead glasses could be useful because they were inexpensive and could be used in both the procedures with limited to total face FOV's (Prins et al. 2011; Goren et al. 2013) . Considering TMJ image acquisition, the lead glasses become a valuable tool in reducing the radiation doses because the joint lies in the same horizontal plane of the lens, allowing the structure to be within the primary beam.
CONCLUSION
The equivalent doses obtained in this study were considered low and dependent of each CBCT scanner. The equivalent doses in the lens were not reduced when using the equipment with limited FOV. The dose values associated with TMJ radiological procedures should be performed with awareness and appropriateness due to sensitivity of the lens.
